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Abstract 
The 3D data collection of dynamic object is very useful for industry production, intelligent robot, automobile 
inspection, aircraft recognition, human recognition, and cartoon design. According to the theory of bionics, the SFS 
(Shape From Shading)method is proposed in this paper. The binocular vision method is adopted, so the 3D dynamic 
information collection system can be setup without the initiative lighting with the combination the merits of SFS and 
binocular method. The measurement system is just like human two eyes. The proposed method can acquire the 
dynamic information for producing part, improve the quality of the manufacture production. The result is that it had 
products named -three-dimensional optical scanning equipment gratings.  
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1.Introductions 
  A long time, three-dimensional visual inspection of moving objects has been the difficult problem. Now, 
the current visual inspection method is mainly focused on active light projection. The active light which is 
added all kinds of modulated information, such as structure, phase, color, is projected onto the object 
surface and is restored three-dimensional shape of the object. the active light contains a series of optical 
information which is concentrated on coding or phase. But the measured object is asked to keep stationary 
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in the projection process. So it becomes difficult to accomplish light projection toward the moving objects 
and the method of active light can hardly finish the acquisition of three-dimensional information. 
The measurements of moving objects is the universal visual inspection and it can be applied to many 
of areas, such as industrial production, intelligent robot, vehicle detection, vehicle identification, human 
identification, animation design and so on. At present, the limited factors are focus on measurement speed.  
For it can not efficiently and rapidly get the three-dimensional shape, the ripe technology is still in the 
research phase. 
In 1982, Marr's computational theory of visual restoring the three-dimensional shape [1], gives an 
impetus to the measuring research, which is based of three-dimensional topography image technology. In 
china, many of the research institutions, such as institute of automation, china academy of Sciences 
National Laboratory of Pattern Recognition, Tianjin University, State Key Laboratory Instruments etc, 
have made outstanding contributions to the development. In 2003, the academician of Ye Sheng-Hua in 
tianjin university had guided the major scientific and technological project named “Technical and 
practical visual inspection system”; meanwhile, the professor of Zhu Ji-Gui has researched in binocular 
vision and multi-purpose visual [2]; in 2005, Yu Xiao-Yang of Harbin University of Science studies 
“Sampling density of the encoded sub-stripe structured light three-dimensional theory and technique” [3]; 
in 2007, Xie Ze-Xiao of Ocean University of China studies “Complex geometric structure of real three-
dimensional measurement of light” [4], the above-mentioned research have an advantage in solving the 
measurement of static objects. But because of the speed of measurement, it is not suitable for three-
dimensional measurement of the moving objects. The author of this article from 1999 to 2006, has been 
engaged in structured light and the research of binocular vision [5, 6], and has get a national invention 
patent—“No portable structured light rail system and its use of three-dimensional scanning method”. 
20th century, the method of shape from shading is proposed by Horn etc, making use of the change of 
imaging surface brightness, parsing the vector information of the object surface, and transferring into 
information of surface depth Constitute the principle. The author of article has the specialized research-
“Single image based on real-time measurement of three-dimensional shape recovery” which is directed to 
the shortage of binocular vision during the Tianjin University doctoral [7]. The research mainly makes 
use of SFS algorithm and images the three-dimensional shape. But the SFS algorithm just uses single 
image information. The effect of three-dimensional recovery is good when it contacts smooth region of 
gray scale flat and the effect is bad when the region becomes mutation. So this research effectively 
combined the method of SFS with the binocular stereo vision, taken the advantages of each method and 
achieved the three-dimensional reconstruction of moving objects [8]. 
In brief, the products in measurements of moving objects are not mature. The German company GOM 
had developed three-dimensional reconstruction system - PONTOUS. It can makes detection towards the 
vehicle impact testing and the deformation of moving objects, but the system needs tie markers on the 
measured object and just get three-dimensional coordinate information of the characteristic markers. So 
the three-dimensional shape recovery based on moving objects is a pressing problem. The study is 
properly to solve the problem. It contains that how to get the three-dimensional information of moving 
objects, especially the moving objects which are in nature and limit the speed between 2m/s-50m/s. 
Meanwhile the purpose contains how to get the data processing system of three-dimensional recovery, 
complete of high-speed pretreatment of multiple images and transfer two-dimensional image into three-
dimensional data.  
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2. Three-Dimensional Reconstruction Plan For Dynamic Object  
2.1 Theory Research Of SFS Algorithm 
In order to solve the bottleneck problem, Horn put forward SFS(Shape From Shading theory) to 
reconstruct the shape of a 3-D surface by exploiting the gray information of a 2-D image , the gray 
information of a 2-D image can be expressed as follows: 
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1. In the Formula (1): I(x,y) is the intensity of incident beam , E (x, y) as gray ),( qpρ  is the Lang 
reflect function, p and q are the Illuminant vector, x and y represent the position to be measured in the 
image coordinate system. The whole reflectance mode is shown in Fig. 1: 
SFS equation is a problem whose parameters are more than the number of equations. We must 
introduce other constraints, such as: brightness constraint、 smoothness constraint、 integrability 
constraint、intensity gradient constraint、unit normal constraint and so on. The energy function of each 
constraint is defined as follows: 
Brightness constraint: Assuming that the brightness of reflective function is equal to the brightness of 
the image obtained with camera, Constraint equation is defined as: 
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Smoothness constraint: Assuming the surface is smooth, then the direction vector points close to the 
adjacent, the Constraint equation is defined as: 
2 2 2 2( ) 0x y x yp p q q d x d y
Ω
+ + + =∫ ∫
  or    
2 2
( ) 0x yN N d x d y
Ω
+ =∫ ∫ u u r u uur                                      (3) 
Integrability constraint: The two mixed second order derivatives of function z=f(x,y) are 
satisfied:
xy
z
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z
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∂ 22 ,which illustrates that its mixed second order derivatives is continuous. As shown in 
the theoretical equation, only in an ideal surface, we can use SFS algorithm to restore the three 
dimensional shape. In practice, the ideal is can hardly get. Through our previous studies and several 
experimental projects, we find that SFS algorithm can be used in the segmented 3-D reconstruction. 
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 From 2001 to 2004, the author recovered 3D topography of a model with good Lambert surface using 
SFS algorithm from the single image and conducted uncertainty evaluation. The single gray images are 
shown in Fig. 2.The recovered 3D images from the two 2D gray images can be seen in Fig. 3 
 
  
Fig. 2: Single heritage image                                       Fig. 3: The rendering of 3D reconstruction obtained by single gray image 
2.2 Research On Binocular StereoVision 
The stereoscopic sensor architecture of Binocular vision is shown in Fig 4.  
The research of Binocular vision sensor has been popular. The major technology is focus on simulating 
human binocular vision. A point of the object surface images P(Xa，Ya)and P(Xb，Yb)on the left and 
right camera images, respectively. Then the three-dimensional coordinates of this point at the object space 
coordinates. At present, binocular vision sensor mainly adopt active illumination which can transmit light 
beam of with the phase information or structural information, then getting correspondence of the midpoint 
of the camera image by means of phase decoding of multiple images. At last, the object of three-
dimensional shape information is constructed. 
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2.3 SFS Algorithm Combined With The Binocular Stereo Vision Research 
Dynamic three-dimensional reconstruction of objects need combine binocular stereo matching with 
SFS algorithm, gather high-speed movement. As for the real-time image, adopting image processing to 
remove noise, get edge and adaptive threshold  In addition, adopting camera to process match the 
characteristics of the edge, making sure the measured moving object of shape, region, textures and so on. 
At last, adopting SFS to fill small area which is cut and complete three-dimensional reconstruction of the 
entire entity. Working Principle Of the system is shown in Fig. 5. 
 
Fig 5 Working Principle Of the system 
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